All data and code files are publicly available at <https://osf.io/3ypdn/>.

Introduction {#sec001}
============

There is a growing interest in evaluating and ensuring the transparency and reproducibility of the published scientific literature. According to an internet-based survey of 1,576 researchers in *Nature*, 90% of respondents believe that there is either a slight or significant crisis of reproducibility in research \[[@pbio.2006930.ref001]\]. However, multiple recent efforts are attempting to address some of the existing concerns \[[@pbio.2006930.ref002]--[@pbio.2006930.ref006]\]. These initiatives, as well as previous proposals by several stakeholders to change scientific practice, may be resulting in genuine improvements in the transparency, openness, and reproducibility of the scientific literature.

A survey of a random sample of biomedical articles published from 2000--2014 suggested that the literature lacked transparency in important dimensions and that reproducibility was not valued appropriately \[[@pbio.2006930.ref007]\]. For instance, protocols and raw data were not directly available, and the majority of studies did not disclose funding or potential conflicts of interest. Furthermore, over half of the articles in the sample claimed to present some novel discoveries and the vast majority did not have subsequent studies that were attempting to replicate part or all of their findings \[[@pbio.2006930.ref007]\]. These results suggested that there is significant room for improvement with regard to reproducible research practices. Furthermore, the study provided baseline data to compare future progress across key indicators of reproducibility and transparency.

Since 2014, there have been new or intensified efforts to promote open science practices across the biomedical literature. Although it is unlikely that individual interventions have single-handedly resulted in drastic changes, these efforts may cumulatively reflect a gradual shift toward the adoption of a culture that embraces transparency and replication. For instance, in January 2015, the Institute of Medicine issued a report that recommended that all stakeholders in clinical trials "foster a culture in which data sharing is the expected norm," and that funders, sponsors, and journals promote and support data sharing \[[@pbio.2006930.ref008]\]. The International Committee of Medical Journal Editors (ICMJE) also proposed a policy requiring data sharing as a condition of publication, even though no formal policy changes have been enacted \[[@pbio.2006930.ref009], [@pbio.2006930.ref010]\]. Other stakeholders have also supported raw data sharing \[[@pbio.2006930.ref002]\] and some journals have started requesting full protocol sharing \[[@pbio.2006930.ref011]\], since access to detailed protocols is necessary to allow study procedures to be repeated \[[@pbio.2006930.ref012]\]. Several fields are paying more attention to replication, especially after the findings of reproducibility checks demonstrated concerning results in psychology \[[@pbio.2006930.ref013]\] and cancer biology \[[@pbio.2006930.ref014], [@pbio.2006930.ref015]\]. Furthermore, a growing number of journals have started to require reporting guidelines and disclosure statements, and commercial and nonprofit organizations, such as the Open Science Framework ([http://osf.io](http://osf.io/)), have introduced new infrastructure supporting research transparency.

Additional efforts have also tried to improve the disclosure and visible indexing of information related to transparency and reproducibility. In 2017, PubMed, which is run by the United States National Library of Medicine (NLM) at the National Institutes of Health (NIH), started including funding and conflicts of interest statements with study abstracts. Although this information is often disclosed in the full text of journal articles, many research consumers do not have a subscription to all of the journals catalogued in PubMed. To our knowledge, it is unknown whether information about key transparency indicators is easily accessible to the general public on PubMed and whether this information was available prior to 2017.

These and other recent open science initiatives, or even simply the wider sensitization of the scientific community over the past 20 years, may have improved the reproducibility and transparency of the biomedical research over the last few years. However, to our knowledge, there is no evidence on whether progress has been made on all, some, or none of the indicators that have been proposed as being important to monitor \[[@pbio.2006930.ref005], [@pbio.2006930.ref007]\].

Given the importance of examining the progress of reproducibility and transparency in the scientific literature, we sought to build upon our previous analysis \[[@pbio.2006930.ref007]\] and to assess the status of reproducibility and transparency in a random sample of biomedical journal articles published between 2015 and 2017. Here, we evaluate the proportion of studies reporting sources of public and/or private funding and conflicts of interest, sharing protocols and raw data, and undergoing rigorous independent replication and reproducibility checks. We also investigate what can be learned about these reproducibility and transparency indicators from widely accessible open access data provided on PubMed.

Results {#sec002}
=======

Description of assessed sample of articles, 2015--2017 {#sec003}
------------------------------------------------------

Among the 155 randomly selected articles published between 2015 and 2017, we excluded 6 non-English language articles. Of the remaining 149, 68 (45.6% \[95% confidence interval, 37.5% to 54.0%\]) were publications in the research field of Medicine, with smaller numbers in the fields of Health Sciences (*n* = 28), Biology (*n* = 13), Infectious Disease (*n* = 16), and Brain Sciences (*n* = 24). Among 120 articles that were published in a journal with a 2013 impact factor, the median impact factor was 3.1 (interquartile range, 2.0--4.7).

The majority of publications had some form of empirical data (118 of 149 \[79.2% (95% confidence interval, 71.6% to 85.2%)\]---*n* = 104 excluding case studies and case series, in which protocol and raw data sharing may not be pertinent, and *n* = 97 excluding also systematic reviews, meta-analyses and cost-effectiveness analyses in which replication in studies with different data would not be pertinent). Among the 149 eligible articles, there was one (0.7% \[0.0% to 4.2%\]) cost-effectiveness or decision analysis, 14 (9.4% \[5.4% to 15.6%\]) case studies or case series, four (2.7% \[0.9% to 7.2%\]) randomized clinical trials, six (4.0% \[1.6% to 8.9%\]) systematic reviews and/or meta-analyses, and 92 (61.7% \[53.4% to 69.5%\]) "other" articles with empirical data (including cross-sectional, case-control, cohort, and various other uncontrolled human or animal studies). Approximately one-fifth (20.8% \[14.8% to 28.4%\]) of the sample was classified as research without empirical data or models/modeling studies. There were 64 (43.0% \[35.0% to 51.3%\]) with a PubMed Central reference number (PMCID), of which 37 were also PubMed Central Open Access (PMCOA).

Funding {#sec004}
-------

Nearly one-third (46, 30.9% \[23.7% to 39.0%\]) of the 149 biomedical articles did not include information on funding. There were 78 articles (52.3% \[44.0% to 60.5%\]) that were publicly funded, either alone or in combination with other funding sources. Of these, three received National Science Foundation (NSF) support and 25 had NIH funding, either alone or in combination with other funding sources.

Reporting of conflicts of interest {#sec005}
----------------------------------

Among the 149 articles, there were 52 (34.9% \[27.4% to 43.2%\]) that did not include a conflicts of interest statement. However, there were 87 (58.4% \[50.0% to 66.3%\]) that specifically reported no conflicts of interests and 10 (6.7% \[3.4% to 12.3%\]) that included a clear statement of conflict.

Protocol and raw data availability {#sec006}
----------------------------------

Excluding case studies or case series and models/modeling studies, in which a protocol would not be relevant, one (1.0% \[0.1% to 6.0%\]) of the 104 articles with empirical data included a link to a full study protocol. This article was a systematic review that stated that "methods for study inclusion and data analysis were prespecified in a registered protocol (PROSPERO 2015:CRD42015025382)" (PMID: 27863164) \[[@pbio.2006930.ref016]\]. There was also one clinical trial (27391533) and two prospective cohort studies (25682436 and 28726115) that referenced a ClinicalTrials.gov identifier (i.e., an NCT number). For two of the studies (27391533 and 28726115), the month and year in which sponsors or investigators first submitted a study record to ClinicalTrials.gov were the same as the reported study start dates. For one of the observational studies (25682436), the first ClinicalTrials.gov study record date was approximately 11 years after the disclosed study start date.

There were 31 (29.8% \[21.4% to 39.7%\]) articles that included supplemental materials, including methods sections, videos, tables, survey materials, and/or figures, either as a detailed appendix at the end of the article or online. However, none of the supplementary materials allowed for a reconstruction of a full protocol. Furthermore, none of the articles mentioned any sharing of scripts/code.

There were 19 (19 of 104, 18.3% \[11.6% to 27.3%\]) articles that discussed some level of publicly available data ([Table 1](#pbio.2006930.t001){ref-type="table"}**)**. While 13 provided data set identifiers or accession codes, there were four articles that included supplementary excel data files. Although another article mentioned that all relevant data were within the supporting information files, the supplementary files did not contain any raw data (26413900).

10.1371/journal.pbio.2006930.t001

###### Data sharing characteristics among 19 biomedical articles with a data sharing statement.

![](pbio.2006930.t001){#pbio.2006930.t001g}

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  PMID[\*](#t001fn001){ref-type="table-fn"}       Data statement                                                                                                                                                                                                                                                                                                                                                             Category[^a^](#t001fn002){ref-type="table-fn"}   PubMed[^b^](#t001fn003){ref-type="table-fn"}   Functioning[^c^](#t001fn004){ref-type="table-fn"}
  ----------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------ ---------------------------------------------- ---------------------------------------------------
  26484203[\*](#t001fn001){ref-type="table-fn"}   "Gene Expression Omnibus (GEO) database repository with the dataset identifier GSE63072."                                                                                                                                                                                                                                                                                  Identifiers/accession numbers                    Yes                                            Yes

  27096608[\*](#t001fn001){ref-type="table-fn"}   "All data are made available on a public repository (OpenfMRI, accession number ds000202). All other relevant data are added to the text as supplementary material."                                                                                                                                                                                                       Identifiers/accession numbers                    No                                             Yes

  27348411[\*](#t001fn001){ref-type="table-fn"}   "NCBI Sequence Read Archive: TCR sequence data, [PRJNA324707](http://www.ncbi.nlm.nih.gov/bioproject/?term=PRJNA324707) and [PRJNA325247](http://www.ncbi.nlm.nih.gov/bioproject/?term=PRJNA325247). Supplementary excel files with additional data."                                                                                                                      Identifiers/accession numbers; excel data        Yes                                            Yes

  27617276[\*](#t001fn001){ref-type="table-fn"}   "Raw data derived from this analysis have been deposited to the ProteomeXchange Consortium via the PRIDE partner repository with the dataset identifier PRIDE: PXD002768."                                                                                                                                                                                                 Identifiers/accession numbers                    Yes                                            Yes

  28970499[\*](#t001fn001){ref-type="table-fn"}   "The dataset generated during and/or analysed during the current study are available from the corresponding author on reasonable request."                                                                                                                                                                                                                                 Upon request                                     No                                             N/A

  28632753[\*](#t001fn001){ref-type="table-fn"}   "All relevant data are within the paper and its Supporting Information files."                                                                                                                                                                                                                                                                                             Excel data                                       No                                             Yes

  28241009[\*](#t001fn001){ref-type="table-fn"}   "All relevant data are within the paper and its Supporting Information files. The accession codes for LSSmCherry1 and RDSmCherry1 are KX638424 and KX638425, which can be viewed here: <https://www.ncbi.nlm.nih.gov/genbank/>."                                                                                                                                           Identifiers/accession numbers; excel data        No                                             Yes

  28886694[\*](#t001fn001){ref-type="table-fn"}   "Sequence data of 15 RNA-seq have been uploaded to the NCBI database, and the SRA number was SRX2843778."                                                                                                                                                                                                                                                                  Identifiers/accession numbers                    No                                             No

  27214551                                        "Supplemental material available online with this article."                                                                                                                                                                                                                                                                                                                Primers used for qPCR analyses; excel data       No                                             Yes

  27791002                                        "The data reported in this paper have been deposited in the Gene Expression Omnibus (GEO) database, [www.ncbi.nlm.nih.gov/geo](http://www.ncbi.nlm.nih.gov/geo) (accession no. [GSE86536](http://www.pnas.org/lookup/external-ref?link_type=NCBIGEO&access_num=GSE86536&atom=%2Fpnas%2F113%2F43%2F12150.atom))."                                                           Identifiers/accession numbers                    No                                             Yes

  26238763                                        "The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE partner repository with the dataset identifier PXD001593 and 10.6019/PXD001592."                                                                                                                                                                                Identifiers/accession numbers                    No                                             Yes

  27768894                                        "The accession number for the coordinates and structures factors of CB1_AM6538 reported in this paper is PDB: 5TGZ."                                                                                                                                                                                                                                                       Identifiers/accession numbers                    No                                             Yes

  25252277                                        "We demonstrate SCoTMI on publicly available resting-state fMRI data from the Human Connectome Project."                                                                                                                                                                                                                                                                   Public data                                      No                                             No

  26639818                                        "*ITBG2* sequence variants identified in this study have already been submitted to GenBank allocated with 31 accession numbers from KJ528562 to KJ528592...Full data are also accessible using URL mentioned below; <http://www.ncbi.nlm.nih.gov/nuccore?term=yassaee>."                                                                                                   Identifiers/accession numbers                    No                                             Yes

  27871817                                        "Collection data and GenBank accession numbers for *Proctoeces* taxa sequenced for this study are presented in [Table 2](#pbio.2006930.t002){ref-type="table"}...Newly generated 18S and 28S rDNA sequences were aligned with sequences of species of *Proctoeces* and other fellodistomid taxa available on GenBank ([Table 2](#pbio.2006930.t002){ref-type="table"})."   Identifiers/accession numbers                    Yes                                            N/A

  28349993                                        "The genotype data of the 1000 Genomes Project Phase 1 based on 1,092 healthy subjects---525 male (48.1%) and 567 female (51.9%; [www.1000genomes.org](http://www.1000genomes.org/)) were used as the control group."                                                                                                                                                      Data link                                        No                                             Yes

  28528644                                        "Gene expression array data will be provided or personal research purposes through the corresponding author; residual tissues from the studies may be applied for through the Tayside Tissue Bank, Dundee, Scotland."                                                                                                                                                      Upon request                                     No                                             N/A

  28412520                                        "The accession number for the RNA-sequencing and whole-genome sequencing data reported in this paper is Sequence Read Archive: SRP100435."                                                                                                                                                                                                                                 Identifiers/accession numbers                    No                                             Yes

  27108998                                        "The complete genome sequence of SAIBK2 obtained in this study was submitted to Genbank database under the accession number of KU317090."\                                                                                                                                                                                                                                 Identifiers/accession numbers                    No                                             Yes
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\* PubMed Central Open Access (PMCOA) articles.

^a^ Category of data sharing.

^b^ Data sharing information available at the abstract/PubMed level.

^c^ Were the links, identifiers, or accession numbers functioning?

**Abbreviations:** N/A, not applicable; PMID, PubMed identification number.

Articles claiming to contain novel findings versus replication efforts {#sec007}
----------------------------------------------------------------------

Among the 97 biomedical articles with empirical data, excluding case studies and case series, systematic reviews/meta-analyses, and cost effectiveness/decision analyses studies, only five (5.2% \[1.9% to 12.2%\]) were inferred to be replication efforts trying to validate previous knowledge. Over half (56, 57.7% \[47.3% to 67.6%\]) claimed to present some novel findings. Although 10 (10.3% \[5.3% to 18.6%\]) articles had statements of both study novelty and some form of replication, 26 (26.8% \[18.6% to 36.9%\]) had no statement or an unclear statement in the abstract and/or introduction about whether the article presented novel findings or replication efforts.

Subsequent citing by replication studies {#sec008}
----------------------------------------

Of the 97 biomedical articles with empirical data, there were two articles that had at least some portion of their findings replicated. One of the replicating articles used an "almost comparable study design but over a longer period" and included some patients with different characteristics (Index article: 24415438, replication: 27363404) \[[@pbio.2006930.ref017]\]. The second was a partial replication effort with a longer follow-up (Index article: 27067885, replication: 27241577). Only one article was included in a subsequent systematic review.

Comparison based on PMCID and PMCOA status {#sec009}
------------------------------------------

As shown in [Table 2](#pbio.2006930.t002){ref-type="table"}, there were no statistically significant differences between PMCOA and non-PMCOA articles or between articles with a PMCID or without a PMCID. However, there was a suggestion for fewer articles having a statement of no conflicts of interest (*p* = 0.014) and more articles including a statement pertaining to data sharing (*p* = 0.049) in the PMCOA group than in the non-PMCOA group. Furthermore, there was a suggestion that articles without PMCIDs were less likely to mention funding and to have public funding than in the PMCID group (*p* = 0.015).

10.1371/journal.pbio.2006930.t002

###### Articles in the PMCOA versus non-PMCOA and PMCID versus non-PMCID categories.

![](pbio.2006930.t002){#pbio.2006930.t002g}

  Variable[^a^](#t002fn001){ref-type="table-fn"}   PMCOA          Non-PMCOA       *P* [^b^](#t002fn002){ref-type="table-fn"}   PMCID          Non-PMCID      *P*[^b^](#t002fn002){ref-type="table-fn"}                         
  ------------------------------------------------ -------------- --------------- -------------------------------------------- -------------- -------------- ------------------------------------------- ------- ------ ------ --
  **Funding**                                      ***N* = 37**   ***N* = 112**                                                ***N* = 64**   ***N* = 85**   \*                                                                
  No Mention                                       10             27.0            36                                           32.1                          13                                          20.3    33     38.8   
  No Funding                                       2              5.4             8                                            7.1            2              3.1                                         8       9.4           
  Public                                           12             32.4            43                                           38.4           31             48.4                                        24      28.2          
  Private                                          0              0.0             3                                            2.7            0              0.0                                         3       3.5           
  Other                                            5              13.5            6                                            5.4            5              7.8                                         6       7.1           
  Some combination of Public, Private, or Other    8              21.6            16                                           14.3           13             20.3                                        11      12.9          
  **Statement of conflict**                        ***N* = 37**   ***N* = 112**                                                ***N* = 64**   ***N* = 85**                                                                     
  No Statement                                     6              16.2            46                                           41.1           \*             19                                          29.7    33     38.8   
  Statement, No Conflict Exists                    28             75.7            59                                           52.7                          39                                          60.9    48     56.5   
  Statement, Conflict Exists                       3              8.1             7                                            6.2                           6                                           9.4     4      4.7    
  **Protocol availability**                        ***N* = 29**   ***N* = 75**                                                 ***N* = 47**   ***N* = 57**                                                                     
  Full Protocol                                    0              0.0             1                                            1.4                           0                                           0       1      1.8    
  No Protocol                                      29             100.0           74                                           98.6                          47                                          100.0   56     98.2   
  **Data availability**                            ***N* = 29**   ***N* = 75**                                                 ***N* = 47**   ***N* = 57**                                                                     
  Some Data Sharing                                9              31.0            10                                           13.3           \*             12                                          25.5    7      12.3   
  No Data Sharing                                  20             69.0            65                                           86.7                          35                                          74.5    50     87.7   
  **Replication**                                  ***N* = 26**   ***N* = 71**                                                 ***N* = 44**   ***N* = 53**                                                                     
  Novel Findings                                   14             53.8            42                                           59.2                          27                                          61.4    29     54.7   
  Replication                                      0              0.0             5                                            7.0            0              0.0                                         5       9.4           
  Novel Findings and Replication                   2              7.7             8                                            11.3           5              11.4                                        5       9.4           
  No Statement on Novelty or Replication           10             38.5            16                                           22.5           12             27.3                                        14      26.4          
  **Article citation**                             ***N* = 26**   ***N* = 71**                                                 ***N* = 44**   ***N* = 53**                                                                     
  ***Replication of Index Study***                                                                                                                                                                                             
  No Citing Article                                26             100.0           69                                           97.2                          44                                          100.0   51     96.2   
  At Least One Citing Article                      0              0.0             2                                            2.8            0              0.0                                         2       3.8           
  ***Systematic Review/Meta-Analysis***                                                                                                                                                                                        
  No Citing Article                                26             100.0           70                                           98.6                          44                                          100.0   52     98.1   
  At Least One Citing Article, No Data Included    0              0.0             1                                            1.4            0              0.0                                         1       1.9           
  At Least One Citing Article, Data Excluded       0              0.0             0                                            0.0            0              0.0                                         0       0.0           
  At Least One Citing Article, Data Included       0              0.0             0                                            0.0            0              0.0                                         0       0.0           

^a^ Funding, Statement of conflict, Protocol availability, and Data availability determined using the full text of articles. Replication determined using the abstract and/or introduction.

^b^ *P* values based on Fisher's exact test \*\<0.05 and \*\*0.05 to 0.005.

**Abbreviations:** PMCID, PubMed Central reference number; PMCOA, PubMed Central Open Access.

Indicators based on open access data (PubMed level) only, 2000--2017 {#sec010}
--------------------------------------------------------------------

Among the 590 articles published between 2000 and 2017 in eligible research fields directly related to biomedicine, 520 were non-PMCOA articles. Among the 520 non-PMCOA articles, 81 (15.6% \[12.6% to 19.1%\]) had a PMCID, thus a PDF is available for each individually. However, full text XML (i.e., Extensible Markup Language) for these articles cannot be downloaded in bulk. Therefore, 439 articles did not have a full text available in PubMed.

Of the 439 eligible articles, 184 listed funding sources at the full text level. Nearly two-thirds (115 of 184, 62.5% \[55.0% to 69.4%\]) included some funding information under the "Publication type, MeSH terms, Secondary source ID" tab on PubMed (e.g., "Research Support, Non-US Gov't"). There were 39 (21.2% \[15.7% to 28.0%\]) additional articles in which PubMed provided at least one specific funding source (i.e., a specific grant number). None of the articles disclosed competing interests under a "Conflict of interest statement" tab on PubMed.

Among the 263 articles in which protocol or data sharing would be relevant (excluding articles without some form of empirical data, model/modeling studies, and case studies or case series), there was one systematic review with a registered protocol on PROSPERO that included a University of York Centre for Reviews and Dissemination (CRD) number at the abstract level.

There were six articles that either referenced their clinical trial's identifier, included a link to ClinicalTrials.gov, or stated that a Clinical Trials repository link was available on the journal website. Five of these articles also had clinical trial identifiers at the PubMed level. Among the 11 articles that discussed supplementary data, database identifiers, or claimed that data were available upon request, two referenced data identifiers or accession numbers in their abstract (PMID: 22224476 \[GenBank links under the "Publication type, MeSH terms, Secondary source ID" tab on PubMed\], 27871817 \[included links to the SILVA Database under the "LinkOut---more resources" tab on PubMed\]).

Of 252 articles with empirical data (excluding case studies and case series, systematic reviews/meta-analyses, and cost effectiveness/decision analysis studies) published between 2000 and 2017, five did not have an abstract on PubMed. Among the eight articles classified as partial or full replication studies based on information provided in the abstract and/or introduction, four had enough information in the abstract alone to establish whether they were replication studies.

Approximately half (55 of 123, 44.7% \[35.8% to 53.9%\]) of the articles claiming to present some novel findings based on the abstract and/or introduction could be classified as novel according to the abstract only. Of the 10 articles that had statements of both study novelty and some form of replication, only four could be classified based on the abstract only.

Comparison of indicators from 2000--2014 and 2015--2017 {#sec011}
-------------------------------------------------------

A comparison of articles published from 2000--2014 versus 2015--2017 revealed some distinctive patterns ([Table 3](#pbio.2006930.t003){ref-type="table"}). Articles published between 2000 and 2014 were less likely to include information related to funding (*p* = 1.4 × 10^−5^). The proportion of articles including information on funding increased over time, with apparently more rapid changes occurring after 2014 ([Fig 1](#pbio.2006930.g001){ref-type="fig"}). While recently published articles were more likely to contain conflicts of interest statements (*p* = 2.5 × 10^−13^), the proportion of articles with information on conflicts of interests seems to have increased steadily over time ([Fig 1](#pbio.2006930.g001){ref-type="fig"}). Availability of data substantially increased in 2015--2017 (*p* = 9.7 × 10^−8^), with the proportion of articles including a statement regarding data sharing increasing since 2015 ([Fig 2](#pbio.2006930.g002){ref-type="fig"}). However, there were no major changes in availability of full protocols. Furthermore, there were more replication attempts published in recent years (either alone or combined with addition novel analyses) (*p* = 3.0 × 10^−4^) ([Fig 3](#pbio.2006930.g003){ref-type="fig"}). Although the proportion of articles reporting novel findings has remained fairly constant since 2000, there has been a decrease in the proportion of studies with either no or an unclear statement in the abstract and/or introduction about whether there were any novel findings or replication efforts. As expected, fewer articles published in 2015--2017 had already been incorporated in systematic reviews and meta-analyses (given the limited time span available) (*p* = 8.9 × 10^−4^). Open access (PMCOA articles and those with PMCID) proportionally increased substantially in 2015--2017 (*p* = 6.7 × 10^−8^ and *p* = 1.2 × 10^−7^, respectively).

![Proportion of articles with funding or COI statements, 2000--2017 (3-year moving proportion).\
Underlying data for Fig 1 can be found at <https://osf.io/3ypdn/>. COI, conflicts of interest](pbio.2006930.g001){#pbio.2006930.g001}

![Proportion of articles with data sharing statement, 2000--2017 (3-year moving proportion).\
Underlying data for Fig 2 can be found at <https://osf.io/3ypdn/>.](pbio.2006930.g002){#pbio.2006930.g002}

![Proportion of articles reporting novel, replication, or unclear findings, 2000--2017 (3-year moving proportion).\
Underlying data for Fig 3 can be found at <https://osf.io/3ypdn/>.](pbio.2006930.g003){#pbio.2006930.g003}

10.1371/journal.pbio.2006930.t003

###### Comparison of 2000--2014 and 2015--2017 samples.

![](pbio.2006930.t003){#pbio.2006930.t003g}

  Variable[^a^](#t003fn001){ref-type="table-fn"}                    Sample          *P* value[^b^](#t003fn002){ref-type="table-fn"}                
  ----------------------------------------------------------------- --------------- ------------------------------------------------- ----- ------ ---------------
  **Funding**                                                       ***N* = 441**   ***N* = 149**                                                  
  No Mention                                                        226             51.3                                              46    30.9   1.4 × 10^−5^
  No Funding                                                        12              2.7                                               10    6.7    
  Public                                                            87              19.7                                              55    36.9   
  Private                                                           19              4.3                                               3     2.0    
  Other                                                             29              6.6                                               11    7.4    
  Some combination of Public, Private, or Other                     68              15.4                                              24    16.1   
  **Statement of conflict**                                         ***N* = 441**   ***N* = 149**                                                  
  No Statement                                                      305             69.2                                              52    34.9   2.5 × 10^−13^
  Statement, No Conflict Exists                                     110             24.9                                              87    58.4   
  Statement, Conflict Exists                                        26              5.9                                               10    6.7    
  **Protocol availability**                                         ***N* = 268**   ***N* = 104**                                                  
  Any Protocol                                                      1               0.4                                               1     1.0    0.48
  No Protocol                                                       267             99.6                                              103   99.0   
  **Data availability**[^**c**^](#t003fn003){ref-type="table-fn"}   ***N* = 268**   ***N* = 104**                                                  
  Some Data Sharing                                                 5^c^            1.9                                               19    18.3   9.7 × 10^−8^
  No Data Sharing                                                   263             98.1                                              85    81.7   
  **Replication**                                                   ***N* = 259**   ***N* = 97**                                                   
  Novel Findings                                                    133             51.4                                              56    57.7   3.0 × 10^−4^
  Replication                                                       5               1.9                                               5     5.2    
  Novel Findings and Replication                                    5               1.9                                               10    10.3   
  No Statement on Novelty or Replication                            111             42.9                                              26    26.8   
  No Abstract                                                       5               1.9                                               0     0.0    
  **Article citation**                                              ***N* = 259**   ***N* = 97**                                                   
  ***Replication of Index Study***                                                                                                                 
  No Citing Article                                                 251             96.9                                              95    97.9   0.73
  At Least One Citing Article                                       8               3.1                                               2     2.1    
  ***Systematic Review/Meta-Analysis***                                                                                                            
  No Citing Article                                                 221             85.3                                              96    99.0   8.9 × 10^−4^
  At Least One Citing Article, No Data Included                     19              7.3                                               1     1.0    
  At Least One Citing Article, Data Excluded                        3               1.2                                               0     0.0    
  At Least One Citing Article, Data Included                        16              6.2                                               0     0.0    
  **PMCID**                                                         ***N* = 441**   ***N* = 149**                                                  
  Yes                                                               87              19.3                                              64    42.9   6.7 × 10^−8^
  No                                                                354             80.7                                              85    57.1   
  **PMCOA**                                                         ***N* = 441**   ***N* = 149**                                                  
  Yes                                                               33              7.5                                               37    24.8   1.2 × 10^−7^
  No                                                                408             92.5                                              112   75.2   

^a^Funding, statement of conflict, protocol availability, and data availability determined using the full text of articles. Replication determined using the abstract and/or introduction.

^b^Based on Fisher's Exact Test.

^c^All were partial data sharing or data sharing statements (complete data set upon request statement, supplementary PDB file provided, demographic and clinical features of patients provided in supplementary table, GenBank links provided, and a link to an original data source used for the study provided).

**Abbreviations:** PMCID, PubMed Central reference number; PMCOA, PubMed Central Open Access.

Discussion {#sec012}
==========

Our empirical evaluation suggests that there have been improvements over the last few years in certain key indicators of reproducibility and transparency across the full spectrum of published biomedical literature. Approximately two-thirds of articles published in 2015--2017 included information on funding, and a similar proportion included a conflict of interest disclosure statement; these represent major increases versus 2000--2014. Among the biomedical articles in which protocol and data sharing would have been pertinent, nearly one in five articles discussed or publicly shared some portion of their data, while this was hardly ever seen for the sample of articles published between 2000--2014. However, only one article in the 2015--2017 sample referenced a full study protocol. Although the majority of the articles continued to claim some novel findings, approximately 5% were inferred to be replication efforts trying to validate previous knowledge, and 10% included both novel and replication findings, while replication was very rare in 2000--2014. Availability of full texts (either in bulk through PMCOA or more limited in articles with a PMCID but not in the PMCOA) also became more common, although the majority of full texts are still not available. This is important, since open access information reported in the PubMed record without the full text is deficient across several indicators of transparency, such as availability of raw data and conflicts of interest. PubMed records nevertheless included substantial information on funding sources and offered some insights on replication.

We found that approximately one-third of the sample of biomedical articles published between 2015 and 2017 reported no information regarding funding. Although over half of the articles published between 2000 and 2014 did not report any information pertaining to funding \[[@pbio.2006930.ref007]\], our analysis suggests that the proportion of articles with funding statements has increased over time, with possibly more rapid changes since 2014. While the proportion of articles with any information related to potential conflicts of interest disclosures has increased rather steadily over time, likely in response to strengthening of biomedical journal disclosure policies \[[@pbio.2006930.ref004], [@pbio.2006930.ref006], [@pbio.2006930.ref018]\], the proportion of articles reporting no conflicts of interest has remained fairly constant and may underestimate the true prevalence of conflicts in biomedical research. Previous estimates suggest that up to 69% of published clinical research articles have some form of financial conflict \[[@pbio.2006930.ref018]--[@pbio.2006930.ref021]\]. While disclosure of conflicts of interest has become more common as a result of the uniform forms developed by the ICMJE, which is supported by hundreds of biomedical journals, it is possible that authors are not complying with the guidelines or are unaware of potential conflicts that can impact the design, conduct, and analyses of studies \[[@pbio.2006930.ref005]\].

Approximately 20% of the articles in which data sharing would have been pertinent included a statement related to data sharing. Although one article disclosed that the data were available "on reasonable request," which could be a result of data sharing statements required by the journal, this does not guarantee that the raw data would be made available to any independent scientist. The majority of the articles with data sharing statements referenced specific data repositories, identifiers, or Excel documents. Although we could verify that the links were functioning, we cannot guarantee the full operational potential and completeness of the data. Moreover, one of the articles was actually a data brief, outlining the raw data for an existing study \[[@pbio.2006930.ref022]\]. Data sharing is a critical component of research transparency and reproducibility, as it allows independent investigators to explore new hypotheses, synthesize evidence across studies, and implement the same experimental methods using the same data (i.e., a replication study) \[[@pbio.2006930.ref012]\]. Our findings indicate that substantial progress been made since our previous evaluation of biomedical articles published between 2000 and 2014, with the proportion of articles with information related to data sharing appearing to have increased since 2014. Although many scientific fields still do not promote open science practices, recent incentives have focused on changing the data sharing culture. For instance, since 2015, author guidelines to promote transparency and reproducibility \[[@pbio.2006930.ref006]\], proposed by Nosek and colleagues, have accumulated hundreds of journal signatories. Moreover, certain journals, such as the PLOS journals, are now requiring "authors to make all data underlying the finding described in their manuscript fully available without restriction, with rare exceptions" \[[@pbio.2006930.ref023]\]. However, journal data sharing policies do not guarantee that investigators will actually share their data \[[@pbio.2006930.ref011]\]. In *PLOS ONE*, in which the policy states that the preferred methods of data sharing is deposition in a repository, only 20% of the data availability statements indicate that data are deposited in a repository \[[@pbio.2006930.ref024]\]. In another empirical evaluation of data from randomized trials published in *PLOS Medicine* and *the BMJ* (both of which require full data availability as a prerequisite to publication), only 46% of the data sets could be retrieved \[[@pbio.2006930.ref011]\]. These findings suggest that more stringent policies or new incentives may be necessary to increase data sharing practices. While some journals have adopted badges to acknowledge open science practices \[[@pbio.2006930.ref025]\], funding agencies can also play a key role in promoting data sharing. For instance, in 2015, the NIH Public Access Plan outlined that the "NIH intends to make public access to digital scientific data the standard for all NIH-funded research" \[[@pbio.2006930.ref026]\].

Although data sharing practices may have shown signs of improvement, only one article in our sample referenced a full study protocol, which does not suggest any material improvement from our previous analysis \[[@pbio.2006930.ref007]\]. The index study was a systematic review with a registered PROSPERO protocol. Systematic review and/or meta-analyses protocol development, registration, and publication has long been promoted \[[@pbio.2006930.ref027]\], but recent evidence suggests that only 5% of systematic reviews of biomedical interventions registered a protocol, and one-third had a protocol publicly available \[[@pbio.2006930.ref028]\]. Prespecified protocols may not be feasible in certain scientific fields or for all types of investigation, in which hypothesis-generated experiments are the norm, and trying to enforce them in such applications would be spurious and could cause investigators to be dishonest about their real intentions. However, when hypotheses and ideas can be prespecified, detailed analytical plans can improve the credibility of research \[[@pbio.2006930.ref002], [@pbio.2006930.ref004], [@pbio.2006930.ref007], [@pbio.2006930.ref027], [@pbio.2006930.ref029]\]. While protocols may not always be necessary for all articles with detailed methods sections that clearly establish prespecified analyses and outcomes, many journals have word limits that prevent methods sections from including all information necessary for subsequent investigators to repeat a study. Over the last few years, support for preregistration and protocol development has increased and various preregistration and protocol sharing platforms, including the Open Science Framework (<http://osf.io>) and AsPredicted (<http://AsPredicted.org/>), have been introduced. On April 4th, 2017, the PLOS journals announced the addition of the protocols.io platform to the guidelines in all of their journals. Protocols.io is an online platform that allows researchers to create and publish protocols. Since 2017, over 200 other journals, including *eLife*, have partnered with protocols.io. These efforts have reduced barriers to sharing and will likely result in improved preregistration and protocol sharing practices among journals in the future.

Similar to our previous evaluation, approximately half of eligible articles clearly claimed to present novel discoveries \[[@pbio.2006930.ref007]\]. Despite claiming novelty on various aspects, it is improbable that the vast majority of articles have truly innovative findings \[[@pbio.2006930.ref007], [@pbio.2006930.ref030]\]. These results likely reflect the culture of adoring novelty and significance \[[@pbio.2006930.ref031], [@pbio.2006930.ref032]\]. Investigators are incentivized to say that they do something different and innovative, even when the differences with prior research are subtle or unimportant. However, it is promising that among the sample of eligible articles, five (5%) articles were inferred to be efforts trying to validate some portion of previous knowledge and another 10 included replication components, which is a major increase in the proportion of replication studies identified between 2000 and 2014 \[[@pbio.2006930.ref007]\]. These findings could suggest a gradual shift in the publishing culture toward accepting replications more easily. In particular, some journals have been lowering obstacles for researchers to publish replication studies. For instance, *Research Notes*, a BioMed Central journal, publishes null results and provides "an open access forum for sharing data and useful information" \[[@pbio.2006930.ref033]\]. Similarly, Elsevier has developed a new article type especially for replication studies \[[@pbio.2006930.ref034]\]. Moving forward, the publication of replication studies will be facilitated by emergence of more journals soliciting "non-novel" manuscripts. However, the need to promote the publication of replications does not mean that these should be diverted into separate, distinct journals, which may give the false impression of being second-rate science. In fact, mathematical modeling suggests that replications often are more important than discoveries \[[@pbio.2006930.ref035]\]. We should also acknowledge that an increase in the proportion of articles that use replication-related language may either mean that more replications are performed and/or studies with replication elements are now becoming more readily disclosed as such, while in the past investigators would have tried to sell them as entirely novel.

When we limited our sample to articles without a PMCID and focused on open access data (PubMed level), we found that the vast majority of the eligible articles included some information regarding funding under "Publication type, Mesh terms, Secondary source ID." However, most of these articles only included nonspecific funding information under the "Publication type, MeSH terms, Secondary source ID" tab on PubMed (e.g., "Research Support, Non-US Gov't"). In order to establish the potential role that funders could have on the design, analyses, and results from a study, a greater proportion of PubMed abstracts disclosing specific funders and grant numbers will be necessary. Currently, the NLM is transparent about the funding information that is included. In particular, certain grant data "are derived only from the author manuscript submission systems, and not from the published full-text articles" \[[@pbio.2006930.ref036], [@pbio.2006930.ref037]\].

We identified two articles that had information pertaining to data sharing at the abstract level, and one article that included a protocol registration number at the abstract level. However, none of the eligible articles had a conflict of interest statement tab on PubMed. This is not surprising considering that PubMed only recently announced their new conflicts of interest disclosure policy. Currently, PubMed relies on journal publishers to provide the disclosure information. Moving forward, additional efforts may be necessary to ensure that journals provide all of the necessary disclosure information and that there is a system for compiling disclosure information for articles that were published before 2017. Overall, we are hopeful that PubMed will continue to improve the coverage of conflicts of interest and of funding. This information is essential to have, even if the full text is not available, as readers may still be influenced by reading the abstracts of articles.

Lastly, we found that it was difficult to identify whether non-PMCID studies were replication efforts using only the information available on PubMed. Only half of the articles claiming or inferred to be replication studies could be classified as replication studies based on the abstract alone. This may be a result of the fact that abstracts are often distorted in order to ensure that results are viewed in a more favorable light \[[@pbio.2006930.ref038]\]. However, only half of the articles claiming to present novel results could be classified as "novel" based on the abstract only. These findings emphasize the importance of open access to scholarly work and wider use of the published literature. However, given that a substantial section of PubMed is likely to remain non-open access, it would be useful in the future if PubMed could routinely add information on whether a study includes elements of replication.

It is likely that most scientists are now aware of the need to respond to the calls to improve research transparency and reproducibility. However, it is possible that many are unsure as to what they need to do or change in concrete and practical terms. This confusion exists in spite of the presence of many reviews and commentaries on the problems related to research transparency. We hope that our report can provide a straight-forward "to-do" list about indicators that are worth improving. Continued monitoring of research practices in the form of an observatory may also help inform those who are involved in developing training programs and research support resources.

Limitations {#sec013}
-----------

Our study has certain limitations. Our evaluation relied on published biomedical research information. Therefore, it is possible that additional protocols, raw data, and clarifications on conflicts or funding could be established by contacting authors, journals, or sponsors. Second, our study relied on published records. This means that we based our determination of novelty on the information reported by investigators. For instance, it is possible that authors may have tried to spin their manuscript as being more novel than it really is in order to ensure publication. Although we used our best judgment to classify articles and two authors discussed uncertainties before agreeing upon a final classification, certain decisions were more subjective \[[@pbio.2006930.ref007]\]. Moreover, since only one author conducted the data abstractions, we were unable to calculate any inter-rater reliability metrics. However, the primary abstractor for these data was the coprimary abstractor in a previous study evaluating the same indicators of transparency and reproducibility in articles published in the biomedical literature \[[@pbio.2006930.ref007]\]. Therefore, the primary abstractor of the current evaluation has had extensive experience analyzing these indicators and had an already streamlined process to do so. Nevertheless, when determining study novelty and replication for articles from diverse biomedical fields, difficulty arose assessing whether study results were actually groundbreaking, full or partial replication efforts, or being fully replicated by subsequent studies. In order to account for these limitations, all uncertainties were discussed by two investigators (JDW and JPAI). Third, we did not perform any sample size calculations. Our study evaluated multiple indicators that were all equally important, and they varied substantially in the proportion to which they were satisfied already by the articles in the 2000--2014 sample. The number of annual published biomedical articles increases at approximately 5% per year, and our sample ensured that 2015--2017 would be as well represented as previous years, accounting also for an increase in the volume of published literature over time. Fourth, we acknowledge that the sampling method for the recent set of articles was not identical to the sampling method for the original set of articles. However, when we applied the new enhanced field-classification method based on article-level classification to the original set of 441 articles, we found that 421 were in common between the original and new classifications. With approximately 95% overlap in biomedical definitions between the two samples, we are confident that our population of articles from which the sample was drawn and the sampling methods are comparable. Fifth, our analyses were based on a random sample of 149 biomedical articles published between 2015 and 2017. Therefore, we were unable to account for potential differences in reporting practices across various fields and subdisciplines. Future evaluations should assess these indicators within specific fields. Improvements over time may reflect improvements within specific fields, across many/all fields, and/or an increased representation of the most transparent fields in the more recent literature. Sixth, it is worth noting that we focused on key indicators of reproducibility and transparency that have been proposed as important to monitor. In particular, these indicators were established based on a series of five papers about research published in the *Lancet* \[[@pbio.2006930.ref005]\]. However, these indicators serve as a proxy for transparency and reproducibility and do not capture all potential areas where open science advances may have been made. Finally, an additional limitation is that this study required manual examination of publications and coding of data. We are hopeful that algorithmic means to extract similar information from full text sources (such as PMCOA) can be developed to enable larger scale analyses in the future.

Conclusion {#sec014}
----------

Our empirical evaluation of biomedical articles published between 2015 and 2017 suggests that progress has been made improving key indicators of reproducibility and transparency. We found that a greater proportion of articles included information on funding, had a conflicts of interest disclosure statement, discussed or publicly shared some portion of their data, and claimed or were inferred to be replication efforts trying to validate previous knowledge. While clinical trial identification numbers and funding details were often provided on PubMed, details related to data sharing and conflicts of interest statements were generally not disclosed. Although numerous efforts to improve reproducibility have already been adopted by researchers, journals, and funders, additional efforts will be necessary to continue to sensitize key stakeholders in the research enterprise of the importance of continuing to improve these indicators over time.

Materials and methods {#sec015}
=====================

We based the design of this study on a previously published manuscript, which includes a study protocol in "Supporting information" \[[@pbio.2006930.ref007]\]. The definitions of captured indicators in the previous evaluation have been carried forward in the current work.

Sample of assessed articles {#sec016}
---------------------------

We used a sampling process to generate a new random sample of 155 articles published between 2015 and 2017 and indexed in PubMed. We did not perform any sample size calculations since our study evaluated multiple indicators that were all equally important, and they varied substantially in the proportion to which they were satisfied already by the articles in the 2000--2014 sample. Our sample of 155 articles ensured that 2015--2017 would be as well represented as previous years, accounting for the fact that the number of annual published biomedical articles increases approximately 5% per year ([Table 4](#pbio.2006930.t004){ref-type="table"}). The sample of 155 articles for the years 2015--2017 was at least 1.5 times that for any other 3-year period from 2000--2014 ([Table 4](#pbio.2006930.t004){ref-type="table"}). Articles classified as a "Journal Article" in PubMed were considered and then ordered randomly. Articles in scientific fields not directly related to biomedical research (defined as Biology/Biotechnology, Medicine, Infectious Disease, Health Sciences, and Brain Sciences) \[[@pbio.2006930.ref039]\] were excluded. Even though these fields may sometimes have repercussions for biomedicine, their transparency practices may differ systematically, and separate evaluation efforts would be necessary \[[@pbio.2006930.ref007]\]. All non-English language articles were then excluded and one investigator (JDW) independently characterized the new sample into seven study categories, as previously described ([Box 1](#pbio.2006930.box001){ref-type="boxed-text"}) \[[@pbio.2006930.ref007]\]. We also considered a previous sample of 441 English language journal articles published between 2000 and 2014 \[[@pbio.2006930.ref007]\] for a comparison against the newer articles and for combined analyses of indicators in terms of open source data. Sampling for the recent set (2015--2017) of papers was done in a manner to produce a set that, given data availability, was as similar as possible to the original set (2000--2014) to enable comparison. Both sets were chosen randomly based on PubMed identification (PMID) numbers. Although both samples were limited to articles considered to be in biomedical fields, in the current analyses, we used an enhanced field classification process based on article-level classification \[[@pbio.2006930.ref040]\], which allowed for a better categorization of both the 155 new articles and the 441 previous articles. Furthermore, the recent sample was limited to "articles" only. While this information was not in place for the original set, only 19 of the 441 articles in the original set were designated as "letters" in PubMed rather than articles \[[@pbio.2006930.ref007]\].

### Box 1. Study categories \[[@pbio.2006930.ref007]\]. {#sec017}

1.  No research (items with no data such as editorials, commentaries, news, comments, and nonsystematic expert reviews).

2.  Models/modeling, software, script, or methods without empirical data (other than simulations).

3.  Case report or series (humans only, with or without review of the literature).

4.  Randomized clinical trials (humans only).

5.  Systematic reviews and/or meta-analyses (humans only).

6.  Cost effectiveness or decision analysis (humans only).

7.  Other (empirical data that includes uncontrolled studies \[human\], controlled nonrandomized studies \[human\], or basic science studies).

10.1371/journal.pbio.2006930.t004

###### Number of articles across 3-year periods.

![](pbio.2006930.t004){#pbio.2006930.t004g}

  Years        Number of articles
  ------------ --------------------
  2000--2002   79
  2003--2005   89
  2006--2008   79
  2009--2011   91
  2012--2014   103

In order to determine whether there are different reporting practices among free full text articles, we identified the subset of articles made available through PubMed Central (PMC), a digital repository that archives publicly accessible full text biomedical and life science journal articles. Availability of free access in PMC was based on assignment of a PMC identifier (i.e., PMCID versus non-PMCID articles). We also classified articles based on whether there was a publicly available XML version of the full text of the article in the open access subset of PMC (i.e., PMCOA versus non-PMCOA articles). The XML of the full text of roughly 1.7 million PMCOA articles is available in bulk, which allows for algorithmic analyses of the data at scale, as opposed to one at a time. Since 2015, PMCOA comprises roughly half of PMC articles and over 20% of all PubMed articles \[[@pbio.2006930.ref041]\]. We aimed to compare the key indicators of reproducibility across the different article types.

In order to maintain consistency with our previous evaluation \[[@pbio.2006930.ref007]\], we determined the 2013 impact factor of each publication's journal. The journal name for the eligible article was searched in InCites Journal Citation Reports. No information was recorded for journals without a 2013 impact factor.

Assessment of indicators of reproducibility and transparency {#sec018}
------------------------------------------------------------

As previously reported in our survey of biomedical research published between 2000 and 2014 \[[@pbio.2006930.ref007]\], full articles with data and analyses were examined for statements of conflicts of interest, funding disclosures, and publicly available full protocols and data sets. In particular, we reviewed the final versions of the articles available online. For published articles without data and analyses, only statements of conflict and funding were investigated, since protocols, data sets, and reproducibility were not relevant \[[@pbio.2006930.ref007]\]. These indicators, which were assessed in a previous evaluation of articles published in the biomedical literature between 2000 and 2014 \[[@pbio.2006930.ref007]\], have been proposed as being important to monitor in relation to transparency and reproducibility. According to "Increasing value and reducing waste in research design, conduct, and analysis" \[[@pbio.2006930.ref005]\], one of five papers on "Research: Increasing value, reducing waste" published in the *Lancet*, there are several key issues necessary to improve the research process. Under the recommendations section, the authors note that it is necessary to monitor the proportion of research studies "with publicly available (ideally preregistered) protocol and analysis plans, and proportion with raw data...," "without conflicts of interests, as attested by declaration statements and then checked by reviewers," and "undergoing rigorous independent replication and reproducibility checks" \[[@pbio.2006930.ref005]\]. As suggested during peer review, we also determined the proportion of articles with (1) statements related to the sharing of script/code by searching the full text of the articles for the words "supporting," "supplement," "appendix," "code," and "script," respectively, and (2) any supplemental materials.

The abstracts and introductions were then evaluated for patterns of reproducibility (e.g., whether the study claimed to be a replication effort \[[Box 2](#pbio.2006930.box002){ref-type="boxed-text"}\]), as previously described \[[@pbio.2006930.ref007]\]. Web of Knowledge was utilized to determine whether subsequent citing articles had tried to replicate the analyses and whether data were included in systematic reviews and/or meta-analyses.

### Box 2. Assessment of index study novelty \[[@pbio.2006930.ref007]\]. {#sec019}

1.  Based on the abstract and/or introduction, the index article claims that it presents some novel findings.

2.  Based on the abstract and/or introduction, the index article clearly claims that it is a replication effort trying to validate previous knowledge, or it is inferred that the index article is a replication trying to validate previous knowledge.

3.  Based on the abstract and/or introduction, the index article claims to be both novel and to replicate previous findings.

4.  No statement or an unclear statement in the abstract and/or introduction about whether the index article presents a novel finding or replication.

5.  No distinct abstract and introduction exists.

Assessment of indicators based on open access data (PubMed level) only {#sec020}
----------------------------------------------------------------------

For all articles without a PMCID (i.e., non-PMCID articles) published between 2000 and 2017, we repeated all assessments of indicators of reproducibility and transparency using information reported at the PubMed level. Key indicators of transparency and reproducibility, such as funding and conflicts of interest statements, are often disclosed in the full text of journal articles. However, many research consumers do not have a subscription to all of the journals catalogued in PubMed. Therefore, we evaluated whether PubMed can be used to identify these indicators among the subset of articles without a free full text. Since articles in the PMCOA subset are of particular interest to meta-researchers who want to download information en masse, we repeated our analyses stratified by whether the XML of the full text was publicly available (i.e., PMCOA versus non-PMCOA articles). We examined the title, abstract, "MeSH terms" tab, and the "LinkOut---more resources" tab on PubMed for each article. This captures the metadata-level information that is available in PubMed. We note that article-level metadata can also be downloaded from PubMed in bulk in various formats and that these metadata are amenable to algorithmic mining of information.

Statistical analysis {#sec021}
--------------------

Using descriptive statistics, we characterized the indicators of transparency for the period 2015--2017. A priori established Fisher's exact tests were used to examine differences between the 2000--2014 and 2015--2017 samples, PMCOA and non-PMCOA articles, and PMCID and non-PMCID articles; all statistical tests were two-tailed. As suggested during peer review of our work, we also analyzed potential changes over time for certain indicators of reproducibility and transparency. In particular, we plotted 3-year moving proportions for indicators with an adequate number of events against time. For instance, for the year 2013, we calculated the proportion of articles with a data sharing statement between 2012 and 2014. These analyses can explore more gradual changes that could have occurred. Analyses were performed using R (Version, 3.2.3: The R Project for Statistical Computing). We used the *P* \< 0.005 threshold for statistical significance \[[@pbio.2006930.ref002], [@pbio.2006930.ref042]\], calling results with *P* values 0.05 to 0.005 suggestive.
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